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© Fuel rod for a nuclear reactor having an improved end plug assembly. 

© The invention relates to a nuclear fuel rod comprising a 
cladding tube which contains nuclear fuel and pressurized 
gas, and which has both ends thereof sealed with end plugs. 

Each of the end plugs (30, 32) has an inner cavity (52/72) 
which is in gas*flow communication with the interior of the 
cladding tube (28) and is defined partly by an inner end-plug 
portion (40/62) fitted into the cladding tube (28), and partly by 
an outer end-plug portion (38/60) which is exterior to the 
cladding tube and forms an undercut or enlarged cavity 
region. The lower end plug (32) has therein an insert (58) 
which keeps nuclear fuel chips out of the cavity but 
maintains said gas-fiow communication between the latter 
and the cladding tube. 
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FUEL ROD FOR A NUCLEAR REACTOR 
HAVING AN IMPROVED END PLUG ASSEMBLY 

The present invention relates generally to fuel 
assemblies for nuclear reactors and, more particularly, to 
a nuclear fuel rod having an improved end plug assembly. 

As well known in the art, a fuel rod for use in 
5 fuel assemblies of a nuclear reactor includes a plurality 
of cylindrical nuclear fuel pellets, such as pellets 
composed of UO£ enriched with U-235, disposed end-to-end 
within a tubular cladding member which is an elongate 
thin-walled tube, preferably of a zirconium alloy, having 

10 its opposite ends closed by means of end plugs formed 
preferably of the same material as the fuel tube. 

Likewise as well known, the overall efficiency of 
a nuclear reactor can be increased and the useful life of 
its fuel rods prolonged if the fuel rods are internally 

15 pressurized. Thus, during fabrication of a fuel rod, an 
inert gas, such as helium, is introduced into the fuel tube 
under pressure after which the end plugs are welded in the 
tube ends so as to seal the tube. During operation of the 
nuclear reactor, the internal pressure of the tube in- 

20 creases due to the generation of gases, and it may reach as 
high as 68 atmospheres toward the end of the life of the 
fuel rod. 

During operation of the reactor, the higher 
pressure of the coolant (approximately 170 atmospheres) on 
25 the exterior of the fuel rods normally offsets the internal 
pressure of the fuel rods. However, during shut down of 
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the reactor / the external pressure of the coolant decreases 
to 2ero, whereupon the internal pressure of the fuel rod 
causes outward expansion of the tube. With a fuel rod 
having a solid end plug inserted into the fuel tube end and 
5 welded thereto at the juncture of the tube end and the plug 
periphery / such outward expansion of the tube results in 
the location of a stress riser and the concentration of the 
point of maximum discontinuity stress at the weld joint. 
As long as the tube material and stresses are within the 
10 fatigue life limits, the weld joint will not fail. How- 
ever, if the weld is imperfect or the material looses 
ductility due to hydriding and/or irradiation hardening, 
the weld joint may fail. 

One solution is to form a cavity within the end 
15 plug to provide extra space for fission gas buildup, and to 
form the weld joint between the fuel tube end and a thin 
section machined into the end plug. An end plug designed 
in this manner is disclosed in U.S. patent specification 
No. 3,679,545. This design embodies advantages from a 
20 stress standpoint as well as a welding standpoint. From 
the stress standpoint, additional space provided by the 
cavity in the end plug reduces the pressure of gas buildup 
and thereby relieves expansion of the fuel tube, to some 
degree, during reactor shut down. Moreover, and although 
25 this design has the same discontinuity stress, the stress 
riser due to the end plug- to- fuel tube junction does not 
occur at the point of maximum discontinuity stress since 
the latter is located farther outwardly along the end plug 
within the cavity. Therefore, the maximum discontinuity 
30 stress is not increased by a stress concentration factor as 
was the case in the solid end plug design. From the 
welding standpoint, parts of approximately equal thick- 
nesses are easier to weld together than parts which have a 
large difference in their respective thicknesses. 
35 However, some of the advantages of this known 

design are offset by the substitution of ceramic pellets 
for some of the fuel pellets done for the purpose of 
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thermally insulating the end plugs from the fuel pellets. 
These ceramic pellets take up valuable fuel pellet space in 
the fuel tube. Furthermore, the known design fails to make 
provision for preventing fuel pellet chips from falling 
into the end plug cavity at the lower end of the vertically 
positioned fuel rod. Chips in the end plug cavity cause an 
additional problem of how to remove the heat generated by 
them from the end plug. 

It is the principal object of the invention to 
provide a fuel rod having improved end plugs which enable 
the fuel rod to accommodate fission gas buildup without 
increasing the length of the fuel rod or removing fuel 
pellets. 

The invention accordingly resides in a nuclear 
fuel rod including a tubular member which contains nuclear 
fuel and gas under pressure, and which tubular member has a 
pair of end plugs affixed to its opposite ends in sealing 
relationship with respect thereto, characterized in that at 
least one of said end plugs has an inner body portion which 
is fitted within an adjacent end portion of said tubular 
member, an outer body portion which extends outwardly of 
the tubular member, and an interior cavity which communi- 
cates with the interior of the tubular member and includes 
an outer region within said outer body portion and an inner 
region within said inner body portion, said outer region 
being undercut relative to said inner region. Thus, the or 
each end plug embodying the invention not only has a cavity 
which increases the available space for fission gases and 
locates the point of maximum discontinuity stress well away 
from the location of the weld joint between the end plug 
and the tubular member, its cavity in addition is advan- 
tageously undercut to maximize fission gas space and has a 
smooth contour in the region of maximum discontinuity 
stresses which distributes them over a broader area. 
Furthermore, the end plug has a reduced wall thickness at 
the region of the undercut cavity which provides a certain 
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amount of flexibility alleviating concentration of high 
stress at the weld joint. 

The end plug which, when in use, is the lower end 
plug includes an insert which keeps nuclear fuel out of the 
cavity but permits gas flow communication between the 
latter and the interior of the tubular member. 

Preferred embpdiments of the invention will now 
be described, by way of example only, with reference to the 
accompanying drawings, in which: 

Fig. 1 is a partially sectioned elevational view, 
with parts being broken away for clarity, of a nuclear fuel 
assembly including fuel rods; 

Fig. 2 is an enlarged, fragmentary sectional view 
of one of the fuel rods embodying the invention; 

Fig. 3 is an enlarged perspective view of an 
insert as employed with the fuel rod of Fig. 2; and 

Fig. 4 is a fragmentary sectional view of a lower 
end portion of a fuel rod representing a further embodiment 
of the invention. 

In the following description, like reference 
characters designate like or corresponding parts throughout 
the several views of the drawings, and terms such as 
"forward", "rearward", "left", "right", "upwardly", "down- 
wardly", and the like are used as words of convenience not 
to be construed as limiting terms. 

Referring now to the drawings, and particularly 
to Fig. 1, the fuel assembly illustrated therein and 
generally designated with the numeral 10 comprises a lower 
end structure or bottom nozzle 12 for supporting the 
assembly on the lower core plate (not shown) in the core 
region of a reactor (not shown); an organized array of 
control rod guide tubes or thimbles 14 projecting upward 
from the bottom nozzle 12; a plurality of transverse grids 
16 axially spaced along the guide thimbles 14; a plurality 
of elongate fuel rods 18 (only one of which is shown for 
clarity) transversely spaced and axially supported by 
the grids 16; an instrumentation tube 20 located at the 
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center of the fuel assembly 10; and, attached to the upper 
ends of the guide thimbles 14, an upper end structure or 
top nozzle 22 with hold-down means. It should be noted 
that, although the lower ends of the fuel rods 18 are shown 
herein as spaced above the bottom nozzle 12, they could 
rest and be supported thereon. 

To form the fuel assembly 10, the transverse 
grids 16 are attached to the guide thimbles 14 at predeter- 
mined axially spaced locations; the fuel rods 18 are 
inserted from below through the grids 16; the lower nozzle 
12 is then suitably affixed, such as by means of machine 
screws 24, to the lower ends of the guide thimbles; and 
then the top nozzle subassembly 22 is attached to the upper 
end portions of the guide thimbles 14- To control the 
fission process, a plurality of control rods (not shown) 
are reciprocally movable in the control rod guide thimbles 
14 of the fuel assembly 10. 

Referring now to Fig. 2, the nuclear fuel rod 18 
shown therein comprises a tubular cladding member 28, and a 
plurality of cylindrical nuclear fuel pellets 26, such as 
U0 enriched with U-235, disposed therein end-to-end. The 
cladding 28 is an elongate thin-walled tube, preferably of 
a zirconium alloy, having its opposite ends closed with end 
pugs 30 and 32 embodying the invention. Preferably, the 
end plugs 30, 32 are formed of the same material as the 
fuel tube 28, and they seal the nuclear fuel as well as an 
inert gas under pressure within the fuel tube 28. A plenum 
chamber 34 is provided within the fuel tube 28 between the 
stack of fuel pellets 26 and one of the end plugs, such as 
the upper end plug 30, and a helical spring 36 is disposed 
within the plenum chamber 34 to hold the pellets 26 
compactly stacked and firmly in place against the other, 
i.e. the lower, end plug 32. 

The upper end plug 30 of the improved end plug 
assembly comprises an outer body portion 38 with its 
maximum outside diameter substantially the same as the 
outer diameter of the fuel tube 28 to which the plug 30 is 



6 0169422 

attached, and an inner body portion 40 with an outer 
diameter slightly less than the inner diameter of the tube 
28. About the circumferential region of the plug 30 where 
the outer and inner body portions 38, 40 merge together, 
5 there is defined an external annular shoulder 42 against 
which the upper end 44 of the fuel tube 28 abuts when the 
upper end plug 30 is press- fitted into the upper end 
portion 46 of the fuel tube. A girth weld 48 rigidly 
connects and seals the upper end portion 46 of the tube 28 
10 to the upper end plug 30 at the shoulder 42. An axial bore 
50 extends through the end wall of the outer body portion 
38. In a pressurized weld chamber, an inert gas is in- 
jected into the fuel tube 28 through the axial bore 50, 
whereupon the outer end of the bore is sealed by welding. 
15 The upper end plug 30 is hollow, having therein a 

cavity 52 which increases the space for fission gas expan- 
sion from the plenum chamber 34. The outer region 54 of 
the cavity 52 within the outer body portion 38 is undercut 
relative to inner region 56 of the cavity within the inner 
20 body portion 40 so as to maximize the fission gas space in 
the end plug 30 and to locate the region A of maximum 
discontinuity stress outwardly from the stress riser 
created at the weld 48 upon reduced expansion of the fuel 
tube 28 during reactor shut down. Also, the internal 
25 contour of the upper end plug 30 defining the cavity 52 
contains smooth transitions in the region of maximum 
discontinuity stresses, allowing a broader distribution of 
the stresses as opposed to concentration of them at one 
point. Additionally, the reduced wall thickness of the end 
30 plug 30 at the outer region 54 of the undercut cavity 52 
provides a certain amount of flexibility in the end plug 
which alleviates concentration of high stress at the weld 
48. 

The end plug assembly embodying the invention 
35 includes further the lower end plug 32 and an insert 58. 
The lower end plug 32 basically comprises an outer body 
portion 60 having a generally V-shaped cross-sectional 
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configuration and an inner body portion 62 of a generally 
cylindrical shape having a reduced diameter relative to the 
maximum diameter of the outer body portion 60. The outer 
diameter of the inner body portion 62 is slightly less than 
the inside diameter of the fuel tube 28 such that, when the 
lower end plug 32 is press-fitted into the lower end 
portion 68 of the tube 28, the. lower end 64 of the tube 
abuts an external annular shoulder 66 formed about the 
circumference of the lower end plug 32 at the region of 
merger between the outer and inner body portions 62, 64. A 
girth weld 70 joins and seals the end plug 32, at the 
shoulder 66, to the lower end portion 68 of the fuel tube 
28. 

Similar to the upper end plug 30, the lower end 
plug 32 is hollow having a cavity 72 which likewise in- 
creases the space for expansion of fission gas generated by 
the pellets 26. The outer region 74 of the cavity 72 
within the outer body portion 60 is undercut relative to 
the inner region 76 of the cavity 72 within the inner body 
portion 62 so as to maximize the fission gas space in the 
lower end plug 32 and to locate the region B of maximum 
discontinuity stresses outwardly from the stress riser 
created at the weld 70 due to expansion of the fuel tube 28 
during reactor shut down. Also, the internal contour of 
the lower end plug 32 defining the cavity 72 contains 
smooth transitions in the region of the maximum discon- 
tinuity stresses, thereby allowing a broader distribution 
of the stresses as opposed to concentration of them at one 
point. Additionally, the reduced wall thickness of the end 
plug 32 at the outer region 74 of the undercut cavity 72 
provides a certain amount of flexibility in the lower end 
plug 32 which alleviates concentration of high stress at 
the weld 70. 

The insert 58 associated with the lower end plug 
32 is adapted to prevent fuel chips from falling from the 
fuel tube 28 into the cavity 72 of the lower end plug. As 
will be explained below, although the insert 58 is sub- 
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stantially closed at one end thereof to prevent entry of 
the fuel chips, it does have means enabling fission gas to 
pass from the fuel tube into the cavity 72 of the end plug. 

In its preferred form shown in Figs. 2 and 3, the 
insert 58 has a cylindrical side wall 78 which is open at 
its lower or outer end 80, and an end wall 82 which con- 
nects with and closes the upper or inner end of the insert 
side wall and is disposed adjacent to the fuel pellets 26 
contained within the fuel tube 28. The insert 58 is fit 
into the inner region 76 of the cavity 72 within the inner 
body portion 62 of the lower end plug 32 , its open outer 
end 80 rotating on an internal annular ledge 84 formed 
within the end plug 32 adjacent the circumferential region 
of merger of the inner body portion 62 with the outer body 
portion 60. 

The insert side wall 78 has a slightly larger 
outside diameter than the inside diameter of the inner body 
portion 62 of the lower end plug 32. Also, the side wall 
78 has a slot 86 which splits the side wall in an axial 
direction. Due to this construction, when the insert 58 is 
inserted into the end plug 32, it is subject to a radial 
spring force which holds the insert 58 in place as the end 
plug 32 is being installed in the fuel tube 28. 

The distance from the ledge 84 to the inner edge 
88 of the end plug inner body portion 62 is less than the 
length of the slot 86 in the insert side wall 78 and the 
height of the side wall; thus, as seen in Fig. 2, an inner 
marginal edge portion 90 of the insert side wall 78 extends 
inwardly beyond the inner edge 88 of the inner body portion 
62, and a corresponding inner end 92 of the slot 86 is 
exposed to the interior of the fuel tube 28. This creates 
a gap through which fission gas can expand into the cavity 
72 in the lower end plug 32. Since the gas is under 
pressure, it can also pass into the cavity 72 between the 
external surface 94 of the insert side wall 86 and the 
internal surface 96 of the end plug inner body portion 62. 
The inner marginal edge portion 90 of the insert side wall 
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78 also maintains the adjacent fuel pellet 26 out of 
contact with the lower end plug 32 so as to minimize heat 
transfer thereto. 

Fig. 4 depicts an alternate insert 98 adapted to 
5 be pressed into the inner region 76 of the cavity 72 within 
the inner body portion 62 of the lower end plug 32. The 
insert 98 is preferably formed from zirconium oxide 
material and has a small-diameter central opening 100 which 
allows passage of fission gases from the fuel tube 28 into 

10 the cavity 72 while preventing passage of fuel chips. 

Since both inserts 58 and 98 fit within the lower 
end plug 32 , they act to minimize end plug length which, in 
turn, maximizes active fuel and plenum length within the 
fuel tube 28. Also, use of either insert to space the 

15 adjacent pellet out of contact with the end plug makes it 
unnecessary to use ceramic pellets to thermally insulate 
the end plug from the fuel pellets. Thus, replacement of a 
fuel pellet is avoided. The extra fission gas space added 
by the use of the end plug assembly of the invention is 

20 approximately equivalent to the space occupied by one fuel 
pellet. 
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CLAIMS: 

1. A nuclear fuel rod including a tubular member 
which contains nuclear fuel and gas under pressure, and 
which tubular member has a pair of end plugs affixed to its 
opposite ends in sealing relationship with respect thereto, 
characterized in that at least one of said end plugs (30, 
32) has an inner body portion (40 or 62) which is fitted 
within an adjacent end portion of said tubular member (28), 
an outer body portion (38 or 60) which extends outwardly of 
the tubular member, and an interior cavity (52 or 72) which 
communicates with the interior of the tubular member and 
includes an outer region (52 or 74) within said outer body 
portion and an inner region (56 or 76) within said inner 
body portion, said outer region being undercut relative to 

said inner region. 

2. A nuclear fuel rod according to claim 1, 
characterized in that said outer body portion (38 or 60) 
has a maximum outside diameter substantially equal to the 
outside diameter of said tubular member (28), and said 
inner body portion (40 or 62) has a smaller diameter than 

20 said outer body portion. 

3. A nuclear fuel rod according to claim 1 or 2, 
wherein the fuel rod is in an upright position and said at 
least one end plug is at the lower end of the fuel rod when 
in use, characterized in that the inner region (76) of said 

25 cavity (72) has fitted therein an insert (58 or 98) which 
permits gas flow communication between said tubular member 
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(28) and the cavity while preventing nuclear fuel in the 
tubular member from entering said cavity (72). 

4. A nuclear fuel rod according to claim 3, 
characterized in that said insert (58) comprises a hollow 

5 cylindrical portion (78) fitted into said inner body 
portion (62) of the end plug (32), an inner end wall (82) 
substantially closing the cylindrical portion toward the 
interior of the tubular member (28), and opening means 
(92) permitting gas flow between the interior of the 
10 tubular member (28) and said cavity (72). 

5. A nuclear fuel rod according to claim 4, 
characterized in that said hollow cylindrical portion (78) 
has an inner margin (90) which extends inwards of the 
tubular member (28) beyond said inner body portion (62) of 

15 the end plug (32), and has formed therein a slot (86) which 
extends axially from the outer end of the cylindrical 
portion and into said inner margin thereof. 

6. A nuclear fuel rod according to claim 5, 
characterized in that said hollow cylindrical portion (78) 

20 having the axial slot (86) therein has an outer diameter 
which slightly exceeds the inner diameter of said inner 
body portion (62) prior to being fitted into the latter. 

7. A nuclear fuel rod according to any of the 
claims 3 to 6, characterized in that said inner body 

25 portion (62) of the end plug has an internal ledge (84) 
which axially supports said insert (58). 
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FIG.2 



